Abstract. Summer-dormant, cool-season perennial grasses are being used in place of traditional, summer-active cultivars for high-quality winter forage. One reason for this change is the ability of cultivars with summer-dormant attributes to tolerate increasing annual temperature, decreasing precipitation, and repeated severe summer droughts. The mechanism of summer dormancy is still not understood in detail. Cultivar development for summer dormancy typically is conducted under field conditions in environments where summer-active types do not survive summer weather conditions. We developed a method based on germination responses to photoperiod to differentiate summer-dormant from summer-active types of tall fescue [Lolium arundinaceum (Schreb.) S. J. Darbyshire] and orchardgrass (Dactylis glomerata L.). Seed of cultivars with known summer dormancy characteristics was germinated at a constant temperature of 248C under a range of photoperiods (0-24 h) for 14 days. Total germination, modelled cumulative germination, instantaneous rate of germination, and relative germination (to that in the dark) were analysed. Germination of summer-dormant orchardgrass was similar in the dark and short photoperiods (4-12 h), but it was inhibited by a photoperiod longer than 12 h. Germination of summer-active orchardgrass was promoted by any photoperiod compared with the control (0 h). Short photoperiods (4-12 h) promoted germination of summer-dormant tall fescue, while long photoperiods (>12 h) inhibited germination compared with germination in the dark. Summer-active types of tall fescue did not respond to photoperiod, regardless of length. A validation test using two Mediterranean origin cultivars of orchardgrass with contrasting summer dormancy characteristics and experimental lines of Mediterranean origin tall fescue with known expression of summer dormancy characteristics supported the use of seed germination analysis to differentiate among lines for this trait.
Introduction
The land area allotted to summer-dormant, cool-season perennial grasses is increasing in regions where climatic conditions resemble those of the Mediterranean Basin where these grasses originate. There are several reasons for interest in these forage resources. Many livestock-producing areas, including southwestern Australia (Pittock 2003) , the pampean region of Argentina (Magrin et al. 1997) , and the southern Great Plains of the USA (Nielsen-Gammon et al. 2005) , have been experiencing increasing temperatures and decreasing precipitation, especially during summer, relative to historical climate trends. Such changing environmental conditions adversely affect persistence of many traditionally cultivated (summer-active types), native or introduced cool-season perennial grasses (Cunningham et al. 1994; Epstein et al. 2002; Gillen and Berg 2005) . In addition to poor persistence, summer-active, cool-season perennial grasses traditionally recommended for the southern Great Plains of the USA do not produce enough forage for grazing livestock in early autumn and winter (Gillen and Berg 2005) ; thus, their use to complement winter forage from dual-use wheat (Triticum aestivum L.) is limited. In contrast, summer-dormant, cool-season perennial grasses are productive in winter and adapted to extended summer drought conditions in environments resembling the Mediterranean climate (McDonald 2001; Piano et al. 2003; Malinowski et al. 2005a Malinowski et al. , 2005b .
Understanding of summer-dormancy mechanisms for coolseason perennial grasses has increased in recent years (Volaire and Norton 2006 ), yet still little is known about environmental factors that induce and subsequently release summer dormancy characteristics (Norton 2007) . One characteristic of all summerdormant grasses is considerable reduction of summer shoot growth, as observed in tall fescue [Lolium arundinaceum (Schreb.) S. J. Darbyshire] (Norton 2007) , or arrested growth and total senescence of green tissues, as observed in orchardgrass [Dactylis glomerata subsp. hispanica (Roth) Nyman (Norton et al. 2006a) and D. glomerata subsp. judaica Stebbins & Zohary] (D. P. Malinowski et al., unpublished data) , and bulbous bluegrass (Poa bulbosa L.) (Ofir and Kigel 1999) . These expressions of summer dormancy occur independently of soil moisture availability. In our experience, however, some summer-dormant accessions of D. glomerata subsp. judaica, which evolved in environments receiving only 250 mm annual precipitation, are not adapted to continuous high soil moisture during summer, and succumb to these conditions (D. P. Malinowski et al., unpublished data) . Malinowski et al. (2005a Malinowski et al. ( , 2005b evaluated grasses for summer dormancy, grown under the long, dry, and hot summer conditions in northern Texas, where only summer-dormant types could survive. This approach could be problematic (Volaire and Norton 2006) as it may not adequately separate drought tolerance from drought resistance mechanisms operating in grasses with different survival strategies. Therefore, Volaire and Norton (2006) recommend measuring the summer-dormancy response under irrigation to avoid confounding growth reduction with a simple drought response.
Because of the environmental challenges associated with climate change and the need for resilient perennial grasses, we sought a simple method to differentiate summer-dormant from summer-active types of tall fescue and orchardgrass accessions and cultivars at early stages of development. Such a method would reduce the time needed to generate breeding lines rather than the time-consuming and uncertain conditions associated with traditional controlled-environment and field experiment techniques (Laude 1953; Silsbury 1961; Ceccarelli and Somaroo 1983; Oram 1983; Venkatanagappa et al. 1996; Culvenor and Boschma 2005; Norton et al. 2006b ). We focus on germination responses to photoperiod, a phenomenon first reported by Probert et al. (1985) for southern European (presumably summer-dormant) and northern European (summer-active) accessions of orchardgrass. They reported an apparent lack of post-harvest seed dormancy in Mediterranean origin orchardgrass populations that expressed high germination rates in darkness and under short (4-12 h) photoperiod, but decreased germination rates under long photoperiod (>12 h). In contrast, northern European populations displayed post-harvest seed dormancy and needed~4 h photoperiod to initiate germination. Further increase in photoperiod had no effect on the germination compared with that at 4 h photoperiod. The responses could be expressions of an ecological adaptation to either continental temperate or Mediterranean climates. However, the responses might be specifically associated with summer dormancy type, if they were differently expressed by Mediterranean origin, summer-active and Mediterranean origin, summer-dormant orchardgrass types. If so, then similar mechanisms should also be present in summer-active and summer-dormant tall fescue accessions that evolved in these contrasting climates.
Materials and methods

Plant material and cultivation
Summer-dormant and summer-active cultivars and accessions evaluated here were investigated under field conditions at Vernon, TX (33.98 N, 99 .34 W; elevation 393 m a.s.l.), during 2000-07, to determine summer dormancy type (Malinowski et al. 2005a (Malinowski et al. , 2005b . The research site is in the Texas Rolling Plains, a geographical subregion of the southern Great Plains of the USA. The climate is semi-arid, subtropical, with a bimodal pattern of precipitation peaking in May and again in September (Larkin and Bomar 1983) . Summer-active types of orchardgrass and tall fescue will not persist in this region (Malinowski et al. 2005a (Malinowski et al. , 2005b . In contrast, summerdormant types of both species do survive summer droughts in this environment. The origin of grass accessions and their dormancy status are presented in Table 1 1 . All tall fescue cultivars and accessions used were devoid of the fungal endophyte Neotyphodium coenophialum (Morgan-Jones and Gams) Glenn, Bacon and Hanlin. Seeds were produced in Australia, Argentina, Oregon, and 2 measured at the Petri dish surface. Room temperature was maintained at 24 AE 0.58C. Air movement above the Petri dishes was maintained by a fan to minimise temperature changes in Petri dishes during the dark and light phases. Light intensity and temperature were recorded by a WatchDog data logger (Spectrum Technologies, Inc., Plainfield, IL, USA). Light-dark cycles were automatically controlled by a timer. Germinated seeds were counted on the 1st, 7th, and 14th day after beginning each light treatment. Germinated seeds were removed from the Petri dishes. Three sets of each grass cultivar were prepared for the dark treatment because counting germinated seed after 1 and 7 days required exposing seeds to light (~3 min), which could affect further germination processes and the results obtained on Day 14.
Data analyses
Orchardgrass and tall fescue data were analysed separately. Data are presented as total germination, modelled cumulative germination, calculated instantaneous rate of germination (IRG), and relative germination (RG) calculated as a ratio between the percentage of seeds that germinated at each photoperiod treatment and the percentage of seeds germinated at darkness. Cumulative germination was computed as the percentage of seeds that germinated during the 14-day study. Cumulative germination data (Day 1, 7, and 14) were fitted to the Gompertz growth equation (Draper and Smith 1981; Gomez and Gomez 1984 ) following the form:
where w is cumulative germination, t is hour, e %2.718, and the calculated regression parameters are a (asymptotic yield), b (time function), and k (dimensionless). 2 ) and instantaneous germination rates (see Fig. 6 ), and analysis of variance for contrasts (0 h v. 4-24 h photoperiods) of summer-active or dormant orchardgrass and tall fescue Contrasts are comparisons of cumulative germination for the photoperiods indicated. *P < 0.05; **P < 0.01; ***P < 0.001; n.s., not significant Calculated regression parameters (a, b, k) were derived from the PROC-NLIN procedure of SAS (Latour and Thompson 1997) (Table 2 ). First derivatives of the cumulative germination curve equations were used to derive IRG values (Draper and Smith 1981) . Modelled responses were created for each species, including summer-active and summer-dormant types, for a 24-h interval at 0.5-h increments. The inflection point (dy 2 /dx 2 = 0) for each species and summer dormancy category was calculated as ln(b)/k, where ln is the natural log, and represents the time at which maximum rate of germination occurred.
Calculated IRG represents the probability of germination per seed per time unit. Mathematically, it corresponds to the slope of the logistic growth curve. The IRG can be interpreted as an indicator of the temporal homogeneity in seed germination. A relatively low IRG value indicates relatively high variance in germination time, while relatively high IRG values (lower variance in germination time) reflect synchronous seed germination of a given species. In both these cases, the values are independent of whether seeds from a given species showed any dormancy (Vallejo-Marin et al. 2006) .
Statistical methods
In each run (photoperiod treatment) of the experiment, the experimental design was a randomised complete block replicated 3 times. All variables were analysed using PROC Mixed of SAS (SAS Institute 1999). For total germination, replications and cultivars were considered random effects, while summer dormancy type and photoperiod were considered fixed effects. We were not interested in germination responses of particular cultivars/accessions within each dormancy group, but solely in germination responses to photoperiod within each dormancy group. Therefore, germination data for cultivars/accessions used to develop the method are not presented. Percentage values of germination were transformed with arcsin function before statistical analysis to ensure normal distribution. Mean separation for each variable was performed using the least square means procedure of PROC MIXED of SAS. Significance of differences between means was declared at P < 0.05. The t-test procedure of SAS was applied to test the null hypothesis that RG at each photoperiod was not different from 1 (germination relative to the dark, 0-h control) at P = 0.05.
A method validation experiment
Based on results reported by Probert et al. (1985) , it may be questionable if differences in germination responses of orchardgrass to photoperiod are adaptations of cool-season perennial grasses to two contrasting climates or specifically associated with summer dormancy type (Mark Norton, CSIRO, Australia, pers. comm.).
To validate results of the differentiation method, we subjected two Mediterranean origin orchardgrass cultivars with contrasting summer dormancy characteristics, Currie and Medly, and 7 Mediterranean origin proprietary experimental lines of tall fescue, supplied by AgResearch USA, Ltd, to the photoperiod germination procedure as described.
Currie orchardgrass is intermediate in summer dormancy characteristics between the non-dormant European cultivars and the dormant north African ecotypes (Silsbury and Carpenter 1963; Knight 1968; Smart and Simpson 1970) , and is considered a natural hybrid between northern European (glomerata) and Mediterranean (hispanica) types (Knight 1968) . Medly orchardgrass is of Mediterranean origin, but it does not express summer dormancy and behaves like a summeractive type under non-limiting soil moisture conditions in summer (Norton et al. 2006a) . Medly is a synthetic cultivar of 10 accessions, 8 of which are crosses between Australian and French (Montpellier region) plant material and 2 accessions are of Moroccan origin (Claude Mousset, a former grass breeder, INRA, France, pers. comm.).
The experimental tall fescue lines were coded as A, B, C, D, E, F, and G. All of the experimental lines were evaluated previously under field conditions in environments with prolonged and severe summer drought, under limiting and non-limiting soil moisture conditions (J. Amadeo et al., unpublished data; D. P. Malinowski 
Results
Germination responses to photoperiod
Total germination of orchardgrass and tall fescue was affected by a significant interaction between dormancy type and photoperiod on Day 14 after imposing photoperiod treatments (Table 3) . Summer-active orchardgrass had greater germination (58-69%) at any photoperiod than that in the dark (45%) (Fig. 1) . At the 4-12 h photoperiod, germination was greater (68-69%) than that at the 24 h photoperiod (58%), while germination at the 16 h photoperiod was intermediate (64%). Summer-dormant orchardgrass had similar germination at the 0-12 h photoperiod (90-92%), while a photoperiod longer than 12 h resulted in less germination (74-81%) (Fig. 1) . Germination of summer-active tall fescue did not respond to photoperiod treatments and ranged from 82 to 84% (Fig. 1) . In contrast, summer-dormant tall fescue had greater germination (83-87%) at the 4-12 h photoperiod than that in the dark (68%) or at the 16 h (67%) and 24 h photoperiod (60%) (Fig. 1) .
Cumulative germination
Modelled cumulative germination responses to photoperiod showed similar trends as observed for germination on Day 14 after initiation of photoperiod treatments. Cumulative germination of summer-active orchardgrass was less in the dark than at other photoperiod treatments by Day 7 after implementing photoperiod treatments (Fig. 2) . Cumulative germination at the 24 h photoperiod was less than at the 4-16 h photoperiod on Day 14. For summer-dormant orchardgrass, cumulative germination was less at the 24 h photoperiod than at photoperiods ranging from 4 to 16 h by Day 9 (Fig. 2) .
Modelled cumulative germination of tall fescue was quite different from the patterns observed for orchardgrass. Summeractive tall fescue germinated earlier (time to inflection point: Day 5) in the dark than at the 4-24 h photoperiod treatments (Day 8), but cumulative germination was similar for all photoperiod treatments on Day 14 (Fig. 2) . Summer-dormant tall fescue germinated earlier at the 0 and 24 h photoperiod (Day 4), followed by the 16 h photoperiod (Day 6) and the 4-12 h photoperiod (Day 8). On Day 14, however, cumulative germination of summer-dormant tall fescue was greater at the 0-12 h than that at the 16 and 24 h photoperiods (Fig. 2) . Data for each dormancy group are averages for cultivars/accessions described in Table 1 .
Instantaneous rate of germination
The IRG values for summer-active orchardgrass were less in the dark and 16 h photoperiod than at the 4-12 h or 24 h photoperiod (Fig. 3) , indicating relatively high variance in germination time at the former photoperiod treatments. In contrast, summer-dormant orchardgrass had higher IRG values at the 0-12 h photoperiod than at the 16 and 24 h photoperiod, indicating more synchronous seed germination (lower variance in germination time) at the short photoperiod. A similar response in magnitude of IRG was expressed by summer-dormant tall fescue, which also had higher IRG values at the short photoperiod (4-12 h) than in the dark or 16 and 24 h photoperiod, although the timing of maximum IRG varied widely (Fig. 3) . In contrast, summer-active tall fescue had similar IRG values across all photoperiod treatments.
Relative germination
Relative germination was calculated to compare the responses of summer-active and summer-dormant types of orchardgrass and tall fescue at any given photoperiod with that in the dark on Day 14 after imposing photoperiod treatments. Values of RG <1 indicate that light (photoperiod) is inhibitory for germination, and degree of inhibition may change with length of exposure to light (duration of photoperiod). Similarly, RG >1 indicates that light promotes germination compared with the dark. For orchardgrass, the function of relative germination with photoperiod differed between the summer-dormant and the summer-active group (Fig. 4) . Summer-dormant orchardgrass had RG values not different from 1 in photoperiods ranging from 4 to 12 h, suggesting no significant effect of short photoperiod on germination. A photoperiod of more than 12 h was inhibitory for germination (RG <1). For summer-active orchardgrass, light promoted germination in the range of 4-24 h photoperiod compared with the dark (RG >1).
Relative germination of summer-active tall fescue was similar at all photoperiods (RG not different from 1) (Fig. 4) . In contrast, relative germination of summer-dormant tall fescue was greater than that in the dark (RG >1) at short photoperiods (4-12 h), indicating a promoting effect of short photoperiod on germination. Photoperiods longer than 12 h had an inhibitory effect on germination of summer-dormant tall fescue (RG <1) (Fig. 4) . 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Fig. 3 . Instantaneous rate of germination for summer-active and summer-dormant orchardgrass (OG) and tall fescue (TF) modelled over a 14-day germination interval. Photoperiod is represented by hours (0, 4, 8, 12, 16 , and 24) of light. Data for each dormancy group are averages for cultivars/accessions described in Table 1 .
Validation of the method
Currie orchardgrass (Mediterranean origin, a hybrid between summer-dormant and summer-active types) had higher total germination (68%) in the dark than Medly orchardgrass (Mediterranean origin, summer-active type) (23%) on Day 14 after imposing photoperiod treatments. Currie had greater germination (87%) at the 4 h photoperiod, similar at 8 h (75%) and 12 h (68%), and lower at 16 h (44%) and 24 h (42%) photoperiods compared with that in the dark (68%). Medly had greater total germination at any photoperiod ranging from 4 (76%) to 24 h (34%) compared with that in the dark (23%). Total germination of Medly was greater at the 4 h and lower at the 24 h photoperiod compared with germination at the 8-16 h photoperiod (48-52%).
The RG response to photoperiod differed for Currie and Medly (Fig. 5) . Currie expressed a similar RG response pattern to summer-dormant orchardgrass accessions used to develop the method. One difference was a significant response (RG >1) to the 4 h photoperiod, which was not observed in the summer-dormant accessions exposed to the short range (4-12 h) photoperiod (RG = 1). Similar to the summer-dormant orchardgrass types, a photoperiod of more than 12 h was inhibitory for germination (RG <1) of Currie. Medly, in contrast, responded similarly to the continental, summer-active orchardgrass accessions used to develop the method, e.g. light always promoted germination in the range of 4-24 h photoperiod compared with the dark (RG >1). Interestingly, Medly also responded with greater RG to the 4 h photoperiod than to photoperiods ranging from 8 to 24 h.
When Medly orchardgrass was added to the cumulative germination model developed for the continental, summeractive types, the data fit and did not cause any violation of assumptions for the non-linear regression model (Table 4 , Fig. 6 ). This suggests that Medly, as a distinct (Mediterranean) representative of a summer-active orchardgrass, can be identified from the model and that the data for Medly were compatible with data on continental, summer-active orchardgrass cultivars used to generate the model. When Currie orchardgrass data were added to the models developed for summer-dormant or for summer-active orchardgrass, certain regression model assumptions were violated and while the data converged, attempts to minimise the sum-of-squares failed and the regression model parameters were unacceptable. Values at convergence were the same as the arbitrary start parameters. This was certainly a good indication that the data did not fit the prediction models and, based on these models, Currie was neither summer-active nor summer-dormant, substantiating the intermediate status attributed to this cultivar (Fig. 6) . The IRG values for Medly were less in the dark and 24 h photoperiod than at 4 and 8 h photoperiods, with IRG values at 12 and 16 h photoperiods being intermediate (Fig. 6) . This may indicate relatively high variance in germination time in the dark and long photoperiod, similar to the continental, summer-active orchardgrass cultivars used to develop the method. In contrast, Currie orchardgrass (intermediate summer-dormancy) had higher IRG values at 0, 4, and 12 h photoperiods than at 8, 16, and 24 h photoperiods, indicating more synchronous seed germination (lower variance in germination time) at the former photoperiods. The IRG responses of Currie, however, were not similar to the modelled values used to develop the method for summer-dormant orchardgrass. The RG response of the experimental tall fescue lines used to validate the method was consistent with summer-dormant cultivars and accessions used to develop the method (Fig. 7) . Relative germination responses of experimental lines C and F were very similar to responses expressed by summer-dormant tall fescue types in our study. The response of the experimental line B was very strong at the 8 h photoperiod. However, the RG of the experimental line B was not less than 1 at photoperiods longer than 12 h. When using the validation set to model cumulative germination, we found that cumulative germination values of all experimental lines were less at 12 h or less photoperiod than that in the dark. The trend holds when the experimental line B is omitted from the validation set. Omitting the experimental line B from the modelled data improves precision of the model response (Table 5) . Validation substantiates the observation that summerdormant tall fescue germinates at relatively short (<12 h) photoperiods, and that germination rates appear to be determinate.
Discussion
Our data suggest that germination responses to photoperiod may be used as a criterion to differentiate summer-dormant from summer-active orchardgrass and tall fescue accessions. Based on the data for orchardgrass, these responses were not correlated with the origin (Mediterranean or continental) of the accessions. This suggests that germination responses to photoperiod may not be expressions of adaptation to two different climates (Mark Norton, CSIRO, pers. comm.) , but may be distinct characteristics of summer-dormancy type.
Summer-dormant types of orchardgrass and tall fescue expressed similar germination responses to photoperiod and differed from their summer-active types. Our results suggest that germination of summer-dormant types of both grass species is triggered by short photoperiod, ranging from 0 to 12 h for orchardgrass and from 4 to 12 h for tall fescue. Summer-active types of both species germinate independently of photoperiod (tall fescue) or require any period of light during germination without clear preferences to the duration of light phase (continental types of orchardgrass) or with some preferences to short photoperiod (Mediterranean cv. Medly). Photoperiod is an important environmental factor regulating development of orchardgrass from a wide range of habitats, including the Mediterranean region (Broué et al. 1967; Broué 1973; Probert et al. 1985) . In fact, many other Mediterranean origin, cool-season grasses express strong regulation of growth and development by photoperiod (Ofir and Kigel 2006) . Although tall fescue photoperiod requirements for initiation of flowering are known (Hicks and Mitchell 1968) , photoperiod requirements for seed germination have not been established, and there is no published research on germination responses of Mediterranean v. continental or summer-dormant v. summeractive tall fescue types in relation to photoperiod. One underlying mechanism that might explain the differences in germination relative to photoperiod is the participation of the low (LIR) and high (HIR) irradiance phytochrome reactions, in which photoconversion between the red light (R) absorbing form (Pr) and the far-red light (FR) absorbing form (Pfr) in the seeds is involved (Frankland and Taylorson 1983; reviewed in Casal and Sánchez 1998) . Changes in the duration of irradiation result in different levels of the active form Pfr, and variation in germination. For Mediterranean cool-season perennial grasses, germination in response to a relatively short photoperiod could be an ecological adaptation as it correlates with the arrival of autumn rains and the start of the growing season in regions with a Mediterranean climate. Otherwise, seedlings that emerge after a summer rain when the photoperiod is relatively long (early-to mid-summer) would succumb to subsequent summer drought. However, our data for the Mediterranean summer-active orchardgrass Medly strongly suggest that the response may be more correlated with summer-dormancy type than with origin. Our IRG data do suggest a mechanism of synchronous seed germination operating in summer-dormant orchardgrass and tall fescue in response to short photoperiod. Further research is warranted to elucidate the nature of the mechanism(s). Our data show that relative germination response to photoperiod may be used as a simple method to differentiate summer-dormant from summer-active orchardgrass and tall fescue accessions. The most pronounced differences between summer-dormant and summer-active types of orchardgrass and tall fescue occurred at 14 days after beginning photoperiod treatments. For orchardgrass, germination of summer-dormant types will not be affected by photoperiod ranging from 0 to 12 h, but photoperiod longer than 12 h will inhibit germination compared with that in the dark. In contrast, summer-active types of orchardgrass will express greater germination at any photoperiod ranging from 4 to 24 h than in the dark. For tall fescue, germination of summer-dormant types will be promoted at short photoperiods (4-12 h) and inhibited at photoperiods longer than 12 h, compared with germination in the dark. Relative germination of summer-active tall fescue types is apparently not influenced by photoperiod.
We validated results of our method by evaluating two Mediterranean origin cultivars of orchardgrass with contrasting dormancy characteristics and 7 experimental lines of tall fescue originating from the Mediterranean Basin. Germination responses of Medly orchardgrass (summer-active type) to photoperiod were similar to responses of continental, summeractive orchardgrass types. This suggests that germination responses to photoperiod may be associated with summer dormancy type and not necessarily with the climate where these grasses evolved. Germination responses to photoperiod of the hybrid orchardgrass cv. Currie, expressing intermediate summer dormancy in field studies, were not typical for either summer-dormant or summer-active types. Further research with a greater number of hybrid orchardgrass cultivars is warranted to develop germination models for this particular type of grass.
The experimental Mediterranean tall fescue lines used to validate the method have been previously investigated under field conditions in several environments for expression of summer dormancy (J. Amadeo et al., unpublished data; Tony Stratton, AgResearch USA, Ltd, pers. comm.), including the Texas Rolling Plains (D. P. Malinowski et al., unpublished data) . Based on the germination test, all experimental lines expressed increased germination at short photoperiods compared with germination in the dark, but only lines C and F rapidly responded to a photoperiod longer than 12 h by decreasing germination compared with that in the dark. Field observations under non-limiting soil moisture conditions during summer showed that line C had the highest score of summer dormancy among the evaluated experimental lines, while line G had the lowest score (J. Amadeo et al., unpublished data) . Summer dormancy in tall fescue has a continuum of expression, ranging from non-dormant (summer-active) to very dormant (Norton 2007) . The different germination responses of the summer-dormant experimental tall fescue lines to photoperiod longer than 12 h, as shown by our differentiation method, may be related to the levels of endogenous summer dormancy. This hypothesis needs to be tested using a larger number of summer-dormant tall fescue lines ranging in their summer dormancy scores.
We were not able to obtain for this study the numerous Mediterranean origin cultivars and experimental accessions of orchardgrass and tall fescue currently investigated by other researchers worldwide for summer dormancy expression and mechanisms regulating this phenomenon. We believe that the method proposed here can be used and tested with a broader range of grass accessions, including hybrids between summer-dormant and summer-active types, available to other scientists to verify our conclusions. 
